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Abstract
Drones are shaping journalism in a variety of ways including in the production of immersive news content. This article
identifies, describes and analyzes, or maps out, four areas in which drones are impacting immersive news content. These
include: 1) enabling the possibility of providing aerial perspective for first-person perspective flight-based immersive jour-
nalism experiences; 2) providing geo-tagged audio and video for flight-based immersive news content; 3) providing the
capacity for both volumetric and 360 video capture; and 4) generating novel content types or content based on data ac-
quired from a broad range of sensors beyond the standard visible light captured via video cameras; these may be a central
generator of unique experiential media content beyond visual flight-based news content.
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1. Introduction
Drones are playing an increasingly central role in the de-
velopment of immersive news content production, includ-
ing in the development of augmented reality, virtual real-
ity and mixed reality (which is essentially a fusion of aug-
mented reality and virtual reality) applications in news
content. This essay examines four sets of important impli-
cations for immersive news content and its production.
As drones have evolved from analog to digital plat-
forms, their use in journalism has grown slowly but sig-
nificantly (Chamberlain, 2017; Chapa, 2013; Goldberg,
Corcoran, & Picard, 2013). In their earliest applications,
drones were used much as helicopters had been used in
newsgathering to obtain aerial perspectives (Pool, 2012).
Aerial perspectives are valuable to news users because it
can give a new vantage point that allows them to see the
bigger picture, patterns not visible from the ground, and
even facilitate a sense of wonder, a capacity further en-
hanced by immersive experiences such as virtual reality
or augmented reality.
Notably, drones offered news organizations and in-
dividual journalists a much cheaper and safer alterna-
tive means to capture aerial perspectives. Guided and
shaped by ethical concerns regarding privacy and safety
as well as regulatory provisions, drone usage has grown
gradually in journalism around the globe (Tremayne &
Clark, 2014). Falling prices and increasing affordability
have fueled this growth, as well, although costs for pro-
duction of augmented reality, virtual reality and mixed
reality have been relatively high. We should acknowl-
edge the parallel use of the drone technology in various
other contexts such as in sports, in military, crowd con-
trol by police (e.g., during the COVID-19 crisis, law en-
forcement has begun using surveillance drone technol-
ogy to enforce social distancing regulations) and this can
increasingly infringe upon personal freedom, even if it is
done for journalistic purposes.
Because of their increasingly miniature and high-
performance capacity, including improved battery per-
formance and portability, drones have enabled creative
and expanded aerial video and photography capabilities
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including capturing news content indoors, as well as in
various novel situations such as for documentary produc-
tion for extreme sports, pointing toward augmented re-
ality, virtual reality and other immersive applications as
well. Underwater drones have also been developed and
utilized in newsgathering. Likewise, terrestrial ‘drones,’
or remotely operated or autonomous land-based robots
equipped with cameras and other sensors have been
developed for a variety of applications such as to de-
scend into narrow caves or other environments unsafe
or otherwise inaccessible for humans including reporters
(Coxworth, 2019).
The advent of experiential news (Pavlik, 2019a) has
introduced a new set of opportunities for the utiliza-
tion of drones in journalism. Advances in drone technol-
ogy as well as in the development of and integration
of advanced cameras and various sensors, from night
vision to depth or 3D measurement, have enabled at
least four arenas for the use of drones in the produc-
tion of experiential news (Pavlik, 2019b; Peters, 2015).
Experiential news utilizes experiential media forms that
feature six qualities: interaction, immersion (both audio
and video envelopment as well as psychological immer-
sion), multi-sensory content, algorithms and data driven
content, first-person perspective, and natural user inter-
face design (e.g., voice or gesture control). Experiential
media include augmented reality, virtual reality, mixed
reality, which blends these two, and other forms of me-
dia that collectively are sometimes referred to as ex-
tended reality, as advanced ultra-high definition video
systems (e.g., 8K, 240 frames per second, high dynamic
range). The journalism industry often refers collectively
to these formats as immersive news, but although this is
an important quality of the content, it is really only one
of a half dozen.
2. Four Implications of Drones for Augmented Reality,
Mixed Reality and Virtual Reality Journalism
Drones present at least four sets of opportunities or im-
plications for the development of news content utilizing
experiential media, including augmented reality, virtual
reality and mixed reality in journalism.
2.1. First-Person Perspective
First is by using 360-degree cameras, drones can pro-
vide the capacity for aerial content (or data) for first-
person perspective flight-based immersive journalism ex-
periences. Aerial perspectives are of particular relevance
in this arena because they can enable the news con-
sumer to obtain unique vantage points on news events.
Examples from recent news reporting utilizing drones to
capture 360-degree or omnidirectional video can help il-
lustrate the importance of the technology.Multiple news
operations have used drones equipped with 360-degree
cameras to obtain omnidirectional, aerial vantage points
for reports about the evolving character of urban en-
vironments (6abc, 2019) to refugee movements (Estrin,
2016). Drones that utilize 3D panoramic video or photo-
graphic capture can also further support the possibility
of more immersive news content.
Climate change and other environmental stories can
also benefit from the use of drones in the production of
immersive content (Dorroh, 2015). Haner (“Taking visual
journalism into the sky,” 2018) states:
The first drone images I made were on a trip to
Greenland’s ice sheet, where I captured images of a
meltwater river flowing across the top of the ice. In
Llapallapani, Bolivia, I used a drone to show that the
second-largest lake in Bolivia had dried up, leaving
boats stranded in the sand and a fishing community
having to reinvent itself. More recently, I was able to
get an aerial angle of the giant moai statues on Easter
Island showing their proximity to an eroding coastline,
which would not have been possible any other way.
Illustrating the potential for immersive aerial drone
video journalism is a 2015 report produced by The New
York Times, which used a 360-degree video captured
from inside three different refugee camps (Lba, 2015).
Viewed via a Google cardboard head-mounted display,
the report enabled the user to gain a compelling sense
of the life of a displaced person. In one case, the virtual
reality camera rig was positioned on the handlebars of
a child’s bicycle and the omnidirectional video was cap-
tured as the child rode about the camp. The user could
virtually ride along and look in any direction, hearing the
child’s voice and other sounds of the refugee camp. By
extension, a drone could capture similar omnidirectional
and potentially 3D imagery if equippedwith the required
imaging technology in a wide spectrum of stories, from
empty city streets during the COVID-19 crisis to surveying
the devastation of brush fires in California (Owen, Pitt,
Aronson-Rath, & Milward, 2015).
Drones operating in other environments such as un-
derwater or on land extend this capacity further. The
BBC employed a robotic drone designed to look like a
tuna to capture under water video of a dolphin mega-
pod swimming near Costa Rica (Lopez, 2014). The combi-
nation of robotics and underwater drones in fact has po-
tentiallywide spread application in journalism, especially
immersive forms, so to speak. Illustrative are the grow-
ing number of long-lost shipwrecks around the world
have been discovered in recent years and months via
robotically controlled underwater drones. In one case,
a drone using sonar discovered the WWII aircraft car-
rier USS Hornet lost during the battle of Santa Cruz in
October 1943. The drone located the ship more than five
kilometers below the surface of the South Pacific Ocean,
not far from the Solomon Islands (Fingas, 2019). Video
and photos of the wreck have been used in news report-
ing about the discovery, and future drone expeditions
that utilize 360-degree video or 3D image capture could
facilitate more immersive news reporting (Fingas, 2019).
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It is especially worth noting the highly skilled au-
tonomous flight capacity of robotic drones (D’Andrea,
2013). Such drones can operate in a wide range of indoor
or outdoor environments without direct human opera-
tion, although continuous observation is essential for se-
curity reasons, as well as safety. Yet, such robotic drones
can fly into potentially dangerous situations where a hu-
man journalist or pilot could not. Such was the case in a
report about an erupting volcano in Iceland. Two drones
flew in; one was destroyed. The other suffered serious
damage from the extreme heat, including the melting
of the camera, but not until after it had obtained rare
and remarkable video and the memory stick survived
(Rose, 2014).
It is important to note that not all drone video or
image capture will necessarily support the creation of
immersive or experiential news content. Drone flights
equipped with standard field-of-view 2D cameras can
capture important scale, context and perspective to a
landscape. Yet, such cameras do not enable the gener-
ation of imagery or video that can surround or immerse
the viewer (unless there are multiple cameras obtaining
multiple video streams that are subsequently stitched
together, such as via the Google Jump virtual reality
rig, which has been used by news organizations such as
The New York Times). Moreover, standard video cameras
do not allow for interactivity between the viewer and
the environment beyond family video control functions
(e.g., pause, rewind, fast forward). Drones equipped
with 3D, 360-degree camera systems could enable more
user interactivity.
2.2. Geo-Tagged Audio and Video
The second implication of drones for immersive news is
to provide geo-tagged audio and video for flight-based
(or terrestrial or underwater) immersive news content
(Pavlik, 2014). This capacity enables the generation of
immersive content experienced in a geo-located con-
text. To date, there are few industry examples to draw
upon as illustration of the potential of geo-located drone-
generated reporting. But one limited example suggests
the possibilities. Some drones, including those of the
leading provider from China, DJI, has introduced a plat-
form for full motion video geotagging capabilities, includ-
ing longitude, latitude and altitude (Remotegeo, 2019).
This technology enables journalists (or anyone else) to
create map-based immersive video playback that can
precisely overlay visually the location of the aerial video
onto terrestrial locations, enabling the viewer to see and
understand the mapping location. This can be especially
important in providing before-and-after video imagery,
such as in a story about climate change, a report about
a natural disaster (e.g., a wildfire, earthquake, tsunami,
etc.), a refugee camp or migration patterns, civil unrest
or protests, or other scenes where visualizing change
over time is a critical part of the narrative (Corcoran,
2015; Hauser, 2013; Visser, 2016; Wilson, 2014).
News media have already started producing geo-
tagged content, though distributing such material cap-
tured via drone has yet to emerge. In early 2020,
National Geographic produced an interactive, immer-
sive augmented reality news experience for Earth
Day 28 April, and distributed via Instagram (National
Geographic, 2020). Users interact with a 3D visualization
depicting what Earth will be like in 2070 given patterns
in climate change and carbon emissions. Such an im-
mersive narrative developed using 3D geo-tagged drone
video or photographs could give users an additional layer
of understanding of a critically important story.
2.3. Volumetric 360-Degree Video and 3D Audio
The third implication of drones for immersive news
is the capacity for both volumetric and 360-degree
video and 3D audio capture (as well as other 3D data).
Volumetric capture incorporates 3D data and when com-
bined with high-resolution imagery enables ‘photogram-
metry’ capabilities (i.e., maximum accuracy) for ultra-
virtual presence in news experiences (Keyser, Chryssos,
& Buchleitner, 2019a). Photogrammetry is amap-making
technology that uses photography and was invented in
1851 by French inventor Aimé Laussedat, although it
has been advanced significantly in the digital age and
in applications via drones especially for terrestrial sur-
veying (Britannica, 2019). Although photogrammetry in
general can be generated using a smartphone (Keyser
et al., 2019b), producing it via drones in particular re-
quires special technology. One approach is to develop a
“custom-built hexacopter to capture smooth 360-degree
aerial video content for news organizations and film pro-
ductions using a custom gimbal (for stabilization) com-
missioned for this solution” (King, 2018). Capturing bin-
aural 3D audio is also a potentially valuable capability via
drone (Tépper, 2019). Binaural refers to audio for both
ears, and to capture such audio in 3D forms requires mul-
tiple microphones positioned to capture depth informa-
tion and precise sound source location. Although this ap-
proach has not yet been employed in drone journalism,
it could prove important to immersive drone news for an
authentic user experience.
Another approach to generating photogrammetry in-
volves Light Detection and Ranging (LiDAR), or laser scan-
ners (using time of flight, triangulation or interferom-
etry), to scan an area and return x, y, and z 3D coor-
dinates for multiple points on an object or in an area.
Photographs and video enabled by photogrammetry can
define the edges of buildings and thereby allow jour-
nalists to generate precise 3D models or renderings of
news environments (Grut, 2019). Capturing and produc-
ing photogrammetry via drones requires Light Detection
and Ranging or other sensor technology that is relatively
small in size, and is increasingly available at low cost,
even for use in smartphones.
Paris-based Parrot has also developed drone video
acquisition systems that generate photogrammetry-
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designed content. In particular, the company employs
Pix4D visualization tools to acquire video with precise
time-stamped 3D coordinates (Parrot, 2016). Others
have as well (Paladrone, 2016). Pix4D is a Swiss com-
pany whose system uses a combination of computer
vision algorithms and photogrammetry to transform
digital single-lens reflex, Red-Green-Blue, thermal and
multispectral images into 3D models and 3D maps
(Pix4D, 2019).
Drone-produced photogrammetry enables the pro-
duction of experiential media news content with six de-
grees of freedom, vital for fully immersive augmented re-
ality/virtual reality/mixed reality news content (e.g., be-
yond simple 360-degree video). These six degrees of free-
dom include rotational (i.e., enabling the user to look in
any direction, as in 360-degree video) and translational
(i.e., enabling the user to move in any direction, which is
especially relevant for virtual flight). Combined, these six
degrees of freedom can generate a user news experience
with a heightened sense of presence and authenticity in
the news venue. Cadoux (2019) argues that creating spa-
tial content will be transformative to journalism:
The most significant divergence from traditional me-
dia is the introduction of user-directed spatial dynam-
ics, adding a new level of presence to readers. This
will bring the concept of ‘spatial journalism’ to the
forefront of the industry….Instead, it may use 3D im-
agery to immerse you, putting you in the cinematog-
rapher’s shoes. Imagine walking through a war zone,
flying over 3D terrain maps, analyzing interactive data
sets, standing next to Mick Jagger on stage, or bump-
ing in a rover on Mars.
Drones using photogrammetry technology will be instru-
mental in the production of such news content.
A particular benefit of drone production for aug-
mented reality/virtual reality/mixed reality news con-
tent is the utilization of improved efficiencies in au-
tomated, algorithm enabled data capture and post-
production. Such drone-based augmented reality/virtual
reality/mixed reality production has widespread applica-
tion to news content topics from climate change to natu-
ral disasters to conflict zones and refugee situations.
Another important benefit of volumetric drone video
3D capture especially via photogrammetry is improved
accuracy. Accuracy in reporting long has been a key di-
mension of quality journalism. Accuracy establishes the
basis for public trust in the facts as reported. By captur-
ing high-resolution 360-degree photographs and video
encoded with precise 3D data, immersive drone report-
ing can generate news content that offers the public facts
that can be trusted and relied upon to understand the
truth in journalism and the content it provides.
A revealing illustration of the potential of improved
accuracy through 3D data captured from above ground,
including via satellite, is improved reporting on stories
about the melting of glaciers in the Himalayas (Qiu,
2012). Measuring precisely how quickly the glaciers are
melting has proven difficult, but a series of studies of the
melting Himalayan glaciers has measured their surface
elevations with a laser altimeter to improve accuracy. “It
was designed for smooth topography of the polar regions
and cannot be readily used tomap rough terrains such as
the Himalayas,” says Andreas Kääb (Qiu, 2012), a remote-
sensing authority at the University of Oslo in Norway.
The researchers corrected the data using elevation mea-
surements from the Shuttle Radar Topography Mission.
Similar data collected via drone today could enable im-
proved accuracy in both scientific inquiry as well as in
news reporting about the rate of glacialmelt, a key conse-
quence of climate change and a matter often contested
for political reasons. Providing more accurate, reliable
data via drone for immersive news content would offer
the public journalism it could better trust. The value of
data-driven virtual reality content can enhance its credi-
bility in the same manner that data-based facts in other
realms of news content can increase its reliability.
Among the potential benefits is the potential for cre-
ating haptic journalism (Pavlik & Feiner, 2018). Pavlik and
Feiner (2018, p. 1) state: “Haptic interfaces present an
opportunity to create a new form of storytelling in jour-
nalism. These interfaces communicate through haptics—
the bodily sensations of touch, pressure, vibration, tem-
perature, pain, and proprioception.” Pavlik and Feiner
(2018, p. 2) outline the potential relevance of haptics to
news content:
Applying haptic interaction to create haptic journal-
ism could aid news consumers in understanding a
variety of stories, from science to the environment,
allowing them to feel the data. We propose to ex-
plore haptic journalism by creating haptic interfaces
for data visualizations, or data maps, based on U.S.
Census data. An important benefit of haptic journal-
ism is that it can provide a means to enable visually
impaired users to experience and interact with these
(haptic) visualizations.
Volumetric drone news content enables the potential to
offer news users the capability to explore and experience
aerial immersive news through a haptic interface, such as
a data glove. Such an interface could be useful for the vi-
sually impaired, but also for news consumers in general
as an additional sensory dimension of news engagement.
It might allow users to virtually feel the density of particu-
latematter in the atmosphere as it varies by time or place.
Research shows that engagement in virtual environ-
ments, particularly those that utilize haptic or other mul-
tisensory interfaces, can increase the user’s sense of
presence in the story, empathy with individuals in the
news, and concern about or understanding of a wide
range of issues from deforestation to melting glaciers
(Rogers, 2019). Utilizing haptic content interfaces gener-
ated from 3D drone volumetric capture could prove ef-
fective in increasing public empathy for and understand-
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ing of vital issues such as climate change. Such outcomes
are key in enabling the user to becomemore than simply
a news consumer; and instead become a virtual partici-
pant in the news or a virtual witness to news events.
Illustrating the potential of this drone-generated vol-
umetric content is Time’s immersive Amazon rainfor-
est experiential report from 2019 (“Inside the Amazon,”
2019). The augmented reality experience was generated
using a variety of newsgathering technologies. Among
them were “drone photography and 3-D photogramme-
try of some of the most remote, difficult-to-reach and
threatened locations that takes readers deep into the dis-
appearing Amazon in a way never seen before (“Inside
the Amazon,” 2019). The immersive journey:
Follows a team of journalists Time sent deep into the
Amazon. There, they met the indigenous people fight-
ing illegal logging, the loggers cutting paths into the
jungle, and the frontiersmen and women making an
illicit living from the land. Guided by renowned prima-
tologist and environmentalist Jane Goodall, you’ll ex-
plore tribal villages, inspect lumberyards and see for
yourself how the Amazon is under threat. (“Inside the
Amazon,” 2019)
By using drones to capture 3D high-resolution imagery,
the report enables users to observe and explore the char-
acter and destruction of the Amazon from a perspec-
tive that can provide greater contextualization. Research
shows that virtual reality content that enables the user
to experience phenomena from alternative perspectives
can build long-term empathy (Herrera, Bailenson, Weisz,
Ogle, & Zaki, 2018).
Immersive, drone-produced stories might feature
news experiences in which the user can engage in vir-
tual flight, as has been done in some documentary
productions and other non-fiction immersive experi-
ences (Hynes, 2015). One notable example is an im-
mersive virtual flight production created for visitors to
the Space Needle in Seattle (Tracy, 2015). Using drones
equipped with 360-degree, depth-sensing cameras, the
Space Needle Visitor Center has designed an immersive
experience for visitors who don a virtual reality headset
(Space Needle Visitor Center, 2019). Once wearing the
headset, visitors can fly virtually around the exterior of
the Space Needle at 605 feet above the street to obtain
the view of the tourist attraction from the vantage point
of the so-called Halo Walk, normally off limits to visitors.
It should be noted that for users to fully experience
immersive drone video journalism requires the user to
don a head-worn display (e.g., a virtual reality headset
such as the Oculus Quest; Community Content, 2020).
Likewise, to fully experience augmented-reality gener-
ated drone news content requires the user to access that
augmented reality via a digital device such as a smart
phone or an augmented reality-headset.
A recent report fromQuartz illustrates evenmore ad-
vanced immersive, drone-generated capabilities. Titled
The 2050 Project, Quartz (Johnson, 2019; “The 2050
project,” 2019) utilized advanced drone technology to
capture a wide spectrum of 3D data about cities. As the
report states, “by 2050, two-thirds of the world’s popu-
lation will live in cities. We explore creative solutions to
the challenges of urban living” (Johnson, 2019). They do
this by using advanced drone and other technologies for
volumetric news gathering, including photogrammetry,
in order to produce an augmented reality news package
(Johnson, 2019).
Johnson provides important context to explain how
and why Time employed these tools in its immer-
sive report:
To see the evolution of how we can use 3D imagery
and aspects of virtual reality in city planning, retail,
education, and journalism, look no further than aug-
mented reality (augmented reality). This technology
has been used in test cases in journalism, but never
has augmented reality been the backbone of a series
of stories and so deeply integrated into the editorial
process. (Johnson, 2019, p. 1)
Simply put, the goal of the reportwas to “use augmented
reality to better understand what cities will look like in
2050” (Johnson, 2019, p. 1). The authors explain they
chose to use augmented reality because of its advantage
in better illustrating context. Moreover, this was ampli-
fied by using aerial drone video. Combined, the tools en-
abledQuartz to “put our views into perspective and build
healthy discussions on complex issues” (Johnson, 2019).
Quartz combined the 3D data, video and pho-
tographs to generate models of buildings and other ob-
jects in the cities reported on. Through augmented re-
ality the report enabled users (i.e., news consumers ac-
cessing the content via their mobile app) to experience
on their phone (or other digital device) objects that:
Aren’t just architectural renderings—they are photo-
realistic models. They show how a building fits in liv-
ing with the environment around it, how people are
using it. They offer a snapshot in time that reflects the
role of a particular place in its community, and how
that place evolves. (Johnson, 2019)
This is essential context. Quartz adds that “The models
inform the future, too—you can begin to build your own
understanding of why community-driven solutions help
lift cities into becoming healthier and more prosperous
for the people who live there” (Johnson, 2019).
Quartz explains that they created the augmented
reality models using photogrammetry. This required a
multi-stage process:
First, we captured hundred of images of the build-
ing, shot from the ground and by drones. Then,
AutoDesk Recap Photo, (the photogrammetry soft-
ware we used), looked at every pixel in each photo
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and compared them across all of the photographs to
measure distance. It then built hundreds of thousands
of triangles that are made up of these measurements
and built a 3Dmodel. It then took the pictures to over-
lay a skin or texture onto the 3D model, which gives
you the final product. (Johnson, 2019)
Others have similarly examined the role of 3D generated
drone video and photography in immersive news content
(Ntalakas, Dimoulas, Kalliris, & Veglis, 2017, p. 194). They
explain: “Refinement is possible through motion analy-
sis and image-matching (i.e., near-duplicate detection and
other similar techniques), while GPS and time-related in-
formation can be further utilized alongwith user-provided
metadata.” The consequences of such drone-generated
3D news content may be far reaching, including in lead-
ing to alternative audience perceptions of news subject
matter. Ntalakas et al. (2017, p. 194), explain:
In general, different users will focus on the part
of the story they find interesting (in any context),
so practically they capture different parts and/or
views of the same event (Dimoulas & Symeonidis,
2015). This plurality of streams offers the wanted
multiple viewpoints, which can be combined and
enhanced, augmenting audience interaction and
engagement through immersive storytelling expe-
riences (i.e., multi-view selection, augmented re-
ality projection, location and language adaptation,
channel—and terminal-oriented playback, 3D repro-
duction, panoramic and time-lapse virtual naviga-
tion, etc.). Specifically, in the newsgathering case, re-
porters (professional journalists and/or UGC-users)
impose their own subjective point of view, either un-
intentionally or purposely (this is usually reflected on
the involved audiovisual captures, but also on the tex-
tual comments and reportages).
2.4. Generate Novel Content Types
The fourth implication of drones for immersive news is to
generate novel content types or content based on data
acquired from a broad range of sensors including 3D pho-
togrammetry as well as electromagnetic spectrum data
beyond the standard visible light captured via video cam-
eras. These may be a central generator of unique expe-
riential media content beyond visual flight-based news
content. This approach is one that highlights innovation
in the news production process, and therefore requires
a certain amount of risk-taking and boldness of vision, as
there is always the risk of failure with any new initiative.
As a new tool for reporting, drones offer new capacities
for storytelling in the immersive realm. As Harvard and
Lindblom (2019, p. 11) have stated, “Journalism continu-
ally adds new tools for storytelling.” The key is doing so ef-
fectively andmaintaining the news values thatmake jour-
nalism essential to society: “The negotiation regarding
how to integrate such tools in relation to existing norms,
values and practices often reveal underlying, sometimes
unspoken, professional identities” (Harvard & Lindblom,
2019, p. 11).
Experiential media are immersive but feature sev-
eral additional capacities for journalism content includ-
ing interactivity, multi-sensory engagement, and natu-
ral user interface design (e.g., user control by gaze ap-
proximation or voice). Drone captured content is cen-
tral. Combined, the features of experiential media ulti-
mately give the news user the capacity to virtually ex-
perience news events and issues as if present as a par-
ticipant or eyewitness in flight or other drone-generated
contexts. Natural user interface enables the user to have
an intuitive level of control over their navigation through
the content experience or news story. Research indicates
such immersion can enhance user engagement, sense
of presence, empathy and understanding of the news.
Foer (2011) has outlined how spatial understanding fun-
damentally shapes human memory. Spatial content is a
basic characteristic of volumetric news content.
Among these capabilities is the enabling of multi-
ple users to simultaneously experience immersive drone
video or other types of data (e.g., visualizations gener-
ated from atmospheric data such as particulate matter
measuring air pollution or smoke from fires) either in
real-timeor froma recordednews experience. Key to this
is the development of 5Gwireless services, whichwill en-
able broadband (high-speed Internet) across urban areas
and beyond as well as immersive drone reporting in real-
time or near real-time (i.e., low latency) situations such
as during breaking news (Horwitz, 2019).
One drone system developed for this purpose has
been tested at the Technological University of Crete,
Greece (Libelium, 2019):
Drones equipped with compact sensors can provide
data at nearly any point in a 3D axis. This inter-
esting characteristic favors the reduction of sensor
nodes used in every smart cities or smart environ-
ment project, diminishing the total cost of the so-
lution. Additionally, permits the user to obtain local
data for production monitoring, problem detection
and local climate control.
Among the measures that can be captured in 3D format
are air temperature, atmospheric pressure, humidity,
carbon monoxide, carbon dioxide, sulfur dioxide, ozone,
nitrogen dioxide, and ammonia. Journalism could em-
ploy such data captured via drone to provide immersive
news offerings an entirely new perspective on cities and
other locations around the world (i.e., enabling users to
see or otherwise experience phenomena not visible to
the human eye). Tracking over time could enable greatly
expanded understanding the context to that 3D drone-
based reporting.
A somewhat theoretical example here might effec-
tively illustrate the potential use of drones in this regard.
In particular, equipping drones with sensors that could
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capture haptic data (e.g., tactile data, perhaps from sur-
faces observed) would enable the creation of news nar-
ratives that offer the user a more tangible news experi-
ence. The Oculus Quest has emerged as a popular, un-
tethered virtual reality platform with haptic, handheld
controllers. Designing news experiences that not only en-
able the user to enter an enveloping news experience vi-
sually and aurally, but alsowith haptic engagement could
heighten the realism of those stories.
Fueling all four of these applications of drone tech-
nology for immersive journalism is the rise of cloud com-
puting and its utilization in providing sufficient band-
width and distributed AI data processing to enable live
and broadband capabilities, a key factor in volumet-
ric, photogrammetry in drone journalism (Dimoulas &
Symeonidis, 2015; Dimoulas, Veglis, & Kalliris, 2014).
It is worth noting that many of the technologies
needed to generate the immersive drone content de-
scribed in this article are as of this writing expensive and
complex to use. Small newspapers and television stations
may find these capabilities out of reach as of now, un-
less they collaborate with larger news organizations or
technology partners. For the most part, it is only major
national and international companies such as The New
York Times, Time and National Geographic who can af-
ford the requisite drone technology, personnel and pro-
duction tools. Yet, if past is prologue, it is likely the cost
and technical complexity of the needed tools are likely
to decline in coming months and years, and the quality
is likely to improve, and these developments will make
drone-produced immersive journalism more accessible
to local TV stations and other local news media (Carey &
Elton, 2010).
3. Concluding Reflections
This essay has outlined four sets of implications regarding
the use of drones in creating augmented reality, virtual
reality andmixed reality journalism. These are: 1) provid-
ing aerial perspective for first-person perspective flight-
based immersive journalism experiences; 2) providing
geo-tagged audio and video for flight-based immersive
news content; 3) providing the capacity for both volu-
metric and 360-degree video capture; and 4) generating
novel content types or content based on data acquired
from a broad range of sensors beyond the standard visi-
ble light captured via video cameras; these may be a cen-
tral generator of unique experiential media content be-
yond visual flight-based news content.
It is critical to note that although these implications
bring a variety of potential benefits to news content,
including more engaging and more accurate reporting,
there are possible adverse consequences as well. Among
these adverse implications are the possible accidental
or intentional misuse of drones to create immersive
news content that is compelling, apparently real, but
a new class of deep fakes from an aerial perspective
(Pavlik, 2019b).
Moreover, it is imperative that journalists and news
media employing drones in the production of immer-
sive news adhere to the highest ethical standards in or-
der to maximize public trust (Culver, 2014; Jarvis, 2014;
Tompkins, 2017). Developing clear industry guidelines
for the ethical use of drones in producing immersive
journalism is a key next step (Waite & Kreimer, 2017).
Keyser et al. (2019a), identify four ethics-related ques-
tions journalists using photogrammetry and 3D model-
ing should ask, including for drone production. These are:
1) whether the entire story will be told using photogram-
metry; 2) whether the story is about exploration or dis-
covery; 3) will the “model have visual/visceral impact
while it is motionless” (p. 1); and 4) will the reporter (or
drone operator) have “control to get your location and
subject to remain motionless long enough to capture ev-
ery image you need to reconstruct themodel?” (p. 1). Per
question four, this may not be a problem for objects such
as buildings, but for subjects more animated (e.g., peo-
ple, animals, etc.), it may be a significant challenge.
Future research should explore several important re-
search questions regarding the use of drones in generat-
ing immersive news content. First, research should exam-
ine the impact of drone-generated immersive news con-
tent experienced either from aerial or underwater per-
spective on user empathy and other effects. Although
existing research suggests such immersive experiences
can shape user affect and understanding, it is essen-
tial to assess such content experiences within a drone-
generated context. Second, drone-generated immersive
news should be studied for any unintended conse-
quences that flight (or underwater) based experiences
could produce. Finally, research should examine the po-
tential impact that the use of drones in producing im-
mersive news has on journalistic practice, includingwork-
load and possible ethical considerations. Especially be-
cause nonverbal data tracking is a significant part of
the virtual reality experience, designing such immersive
news content designed to protect user privacy is essen-
tial (Bailenson, 2018).
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